Investigation of Changes in Mechanical Properties and Microstructures of Mild Steel Joint by Oxy-Hydrogen Welding by Ates, H. et al.
1561 
 
PACS numbers:06.60.Vz, 62.20.fg,62.20.Qp,81.20.Vj,81.40.Jj,81.40.Np, 81.70.Bt 
Investigation of Changes in Mechanical Properties and  
Microstructures of Mild Steel Joint by Oxy-Hydrogen Welding  
H. Ates, M. E. Cakır*, A. Kurt, I. Uygur**, and M. Turker 
Gazi University, Faculty of Technology, 
06500 Ankara, Turkey 
Department of Metallurgy and Materials Engineering, 
06500 Ankara, Turkey 
*Industrial High School of Golbasi, 
 Haymana Caddesi 275, 
 Ankara, Turkey 
**Duzce University, 
   Faculty of Engineering, 
   81620 Duzce, Turkey 
In this paper, in order to see weldability behaviour of mild steels joint by the 
oxy-hydrogen welding technique, an investigation of changes in mechanical 
properties and microstructures of mild steel is carried out. The specimens 
with 1.5 mm thickness and 125 mm length are welded by using both the oxy-
hydrogen and oxy-acetylene gases. Microstructural analysis is carried out on 
the cross sectional area of the welding zone in order to compare the changes 
in weld metals and the heat affected zones in terms of the welding gases. Ex-
perimental results of the tensile strength and microhardness obtained with 
mechanical tests show that samples welded with oxy-acetylene exhibited 10% 
higher yield strength than that of the samples welded with oxy-hydrogen. 
However, the oxy-hydrogen welding technique can be used as an alternative 
to the oxy-acetylene welding, since it has advantageous of being clean and 
economic. 
С целью выяснения качества сварного шва на малоуглеродистой стали, полученного водород-кислородной сваркой, проведено исследование из-менений механических свойств и микроструктуры данного типа стали. Образцы толщиной 1,5 мм и длиной 125 мм сваривались как водород-кислородной, так и ацетиленокислородной сваркой. Был проведён мик-роструктурный анализ поперечного сечения зоны сварки с целью сравне-ния изменений в металле шва и зоне термического влияния в зависимости от сварочного газа. Экспериментальные результаты по пределу прочности при растяжении и микротвёрдости, полученные при механических испы-таниях, показали, что образцы, сваренные ацетиленокислородной свар-
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кой, имеют прочность при растяжении на 10% выше, чем водород-кислородной. Однако водород-кислородная сварка может быть использо-вана как альтернатива ацетиленокислородной сварке, так как она имеет преимущества по чистоте и экономичности. 
З метою з’ясування якости зварюваного шва на маловуглецевій сталі, ви-робленого водневокисневим зварюванням, виконано дослідження змін механічних властивостей і мікроструктури даного типу сталі. Зразки то-вщиною у 1,5 мм та довжиною у 125 мм зварювалися як водневокисне-вим, так і ацетиленокисневим зварюванням. Виконано мікроструктурну аналізу поперечного перерізу зони зварювання з метою порівняння змін у металі шва та зоні термічного впливу в залежності від зварювального га-зу. Експериментальні результати стосовно границі міцности при розтягу та мікротвердости, одержані під час механічних випробувань, показали, що зразки, зварені ацетиленокисневим зварюванням, мають міцність при розтягу, на 10% вищу, ніж зварені водневокисневою газовою сумішшю. Однак водневокисневе зварювання може бути використано як альтерна-тива ацетиленокисневому зварюванню завдяки його перевазі за чистотою та економічністю. 
Key words: microstructure, tensile strength, microhardness, mild steel, oxy-
hydrogen. 
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1. INTRODUCTION 
Carbon steel is one of the most consumable metals holding approxi-
mately 94% of the annual steel production in USA. The relatively lim-
ited corrosion resistance of the carbon steel does not change the fact 
that it is used in marine applications, pipelines, transport and domes-
tic applications. However, it was shown that green inhibitors could be 
used to extend corrosion life of low carbon steel [1]. 
 The importance of welding for the global world economy is well 
known. The welding is a major step in the fabrication and maintenance 
of the components in building, aerospace and car and transportation 
industries. Although the welding technology has been progressively 
improving as well as the newly developed and competitive methods ap-
plied for joining structural components, gas welding still remains one 
of the most important methods used for connecting elements in many 
industrial areas. Most of fusion welding techniques are used in filler 
metals. In oxy-gas welding, two kinds of gases are used. While one is 
known as flammable, the other is burner. The welding system contains 
gas tubes, pressure regulators, hose and welding bits. This welding 
technique can be applied as a fusion welding or brazing of several met-
als [2—4]. It has many advantages like being easy to apply, cheap, and 
the possibility of using thin and thick parts [5, 6]. However, the major 
INVESTIGATION OF CHANGES IN MECHANICAL PROPERTIES OF MILD STEEL 1563 
drawback of many fusion-welding techniques is that the non-uniform 
heat input leads to deformation and distortion. An occurrence of re-
sidual stresses in the structure can be problematic for the several 
standpoints. The localized heating and non-uniform cooling during 
welding result in a complex distribution of residual stress in the joint. 
In many countries, fossil fuels are still used, such as coal or oil, which 
results in environmental pollution. Recently, numerous activities have 
focused on the use of hydrogen as an alternative energy source, mainly 
due to high energy prices, limited fossil fuel resources and their areas 
of occurrence, as well as due to the state of the environment. Renewa-
ble energy sources are more attractive and seem to be a fundamental 
solution to the above problems. Therefore, hydrogen is the most seri-
ous candidate in this respect. It can be obtained from chemical synthe-
sis of carbon, water and natural gas or from practically endless stocks 
such as the distilled water [7, 8]. Recent advances in the electrolysis 
process for obtaining welding gases from water have made oxy-gas 
welding again attractive [9]. Since mechanical properties and hardness 
values for these gases are quite similar, oxy-hydrogen can take place 
instead of oxy-acetylene because its cheap and easy applications [10]. 
 In this study, the mild steel is welded by both oxy-acetylene gas and 
oxy-hydrogen gas welding techniques. A comparison is made between 
two techniques with respect to the mechanical properties and micro-
structure of the mild steel. 
2. MATERIALS AND METHODS 
A torch fitted with 1—2 mm nozzle tip is used to provide a flame for 
both oxy-acetylene and oxy-hydrogen welding procedure. Oxy-
hydrogen generator is generally used to weld ferrous and nonferrous 
metals [11]. Chemical composition of the base metal (AISI 1010) to be 
welded is given in Table 1. A wire having same chemical composition 
with the base metal is used as filler. Two specimens with 125801.5 
mm dimensions were welded to each to form samples. Tensile and bend-
ing tests are performed at room temperature. Tensile tests are carried 
out on Instron MLF type machine with 50 kN capacity and tensile 
speed is 0.5 mm/min. For each case, three samples are tested and their 
average values are used for comparison. For metallographic examina-
tions, the samples were cut mechanically from welded zone into two 
pieces called as microstructural samples and then these samples were 
hot mounted in bakelite. After grinding them using rough and fine 
emery and polishing, the samples are etched in chemical solution of 
70% HCl and 30% HNO3. Microstructures of the samples are exam-
ined using an optical microscopy and SEM. Hardness measurements 
are carried out using Instron Vickers hardness measurement machine 
under the 1 kg load. On each sample, four hardness values are obtained 
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and then average value of them is calculated. 
3. RESULTS AND DISCUSSIONS 
3.1. Tensile Test Results 
Oxy-hydrogen welded tensile test specimens and their fracture regions 
are shown in Fig. 1, a, and Oxy-acetylene welded specimens are shown 
in the Fig. 1, b. It can be seen that except for A1 specimen, other spec-
imens are failed without the welding fusion zone indicating of well-
joined process. Almost all specimens are significantly necked in the 
base metal because of high ductility. Typical stress—strain curves of 
oxy-hydrogen and oxy-acetylene welding are shown in Fig. 2, a, b. It is 
well known that the yielding point in mild strength is distinguishable 
in stress—strain curves since it appears as an upper and lower yield 
point on the curve. This behaviour occurs because of the nitrogen gas, 
which causes as a defect and rapid crack growth in that particular mi-
croregion. Usually, the yield point can be associated with small 
amounts of interstitial or substitutional impurities. For example, it 
has been shown that almost complete removal of carbon and nitrogen 
from low-carbon steel by wet-hydrogen treatment will remove the yield 
point. However, only about 0.001 percent of either of these elements is 
required for an appearance of the yield point where dislocations are 
strongly pinned, such as by carbon and nitrogen in iron, new disloca-
a b
Fig. 1. Tensile test specimens of mild steel for oxy-hydrogen welding (a) and 
for oxy-acetylene welding (b).
TABLE 1. Chemical composition of the AISI 1010 mild steel. 
Element C Mn Si P S Fe 
Weight (%) 0.115 0.385 0.047 0.020 0.005 Balance 
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tions must be generated to allow the flow stress to drop [12]. The ten-
sile properties of average values are given in Table 2. It is noted that, 
for oxy-acetylene weldments, the yield strength and Ultimate Tensile 
Strength (UTS) are significantly higher than those for oxy-hydrogen 
welded specimens are. However, there is not significant effect of weld-
ing process on the ductility. Besides, elastic behaviour of the oxy-
hydrogen welded specimen is significantly lower than that of oxy-
acetylene welded specimen, but this reduction is recovered in the plas-
tic region, where both results are almost all overlapped. 
 The structure of a typical oxy-acetylene flame consists of three easi-
ly recognized zones, namely, inner cone zone, acetylene feather (mid-
dle zone), and outer flame zone. In the acetylene feather, the excess 
acetylene is at high temperature and under reducing atmosphere. This 
leads to complex chemical reactions and the formation of several types 
of hydrocarbon compounds, which are not negligible for the welding 
process [13]. It is obvious that tensile properties of the materials are 
influenced by the flammable gas content.  
 Carbon is the most crucial element affecting the mechanical proper-
ties of steel. Hence, acetylene includes some amount of carbon, which 
can diffuse in the structure during welding and can change the micro-
structure of the heat-affected zone. Carbon affects the formation of 
various phases, namely, cementite and even pearlite in the microstruc-
ture. 
a b
Fig. 2. Typical stress—strain curve of mild steel for oxy-hydrogen welded spec-
imen (a) and oxy-acetylene welded specimen (b). 
TABLE 2. Tensile properties of welded specimens. 
Welding UTS, MPa Yield Strength, MPa Elongation to failure, % 
Oxy-Hydrogen 317 240 33.4 
Oxy-Acetylene 357 270 32.5 
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3.2. Hardness Measurements 
Hardness values in specific regions on the weldments are shown in Ta-
ble 3. The type of welding technique plays very important role on the 
hardness values in the material. Oxy-acetylene welded specimen has 
significantly higher hardness values compared with the counterpart. 
Besides, particular regions affect the hardness values, which have the 
highest in the fusion zone for both of weldments where melting occurs 
and structure completely changed due to the rapid solidification. In 
this region, precipitations of pearlite and cementite can occur, and 
those structures may enhance the hardness values. Besides, carbon dif-
fusivity in the heat-affected zone (HAZ) may cause significant micro-
structural changes. One of the most crucial effects on hardness of the 
steel is the microstructure, which influences the tensile, impact and 
fatigue responses [14]. Second highest hardness values are obtained in 
the fine grain region where small grains act as a pinning effect and 
mobility of the dislocations. It has been concluded that there is a 
strong correlation between a materials mechanical properties and its 
hardness. In general, an increase in hardness resulted in high tensile 
response [15]. 
3.3. Bending Test Results 
Bending is a part of the deformation in many other forming opera-
tions. The pictures of typical bending specimens are shown in Fig. 3. 
Both specimens were bended without any macrocracks. It can be said 
that both welded specimens perfectly joined. Bending characteristic of 
TABLE 3. Measured hardness values for the specific regions. 
Welding process Regions Hardness, HV 
Oxy-Hydrogen 
Base Metal 120 
Transition Zone 123 
Fine Grain Zone 140 
Coarse Grain Zone 126 
Fusion Zone 172 
Oxy-Acetylene 
Base Metal 120 
Transition Zone 169 
Fine Grain Zone 204 
Coarse Grain Zone 190 
Fusion Zone 210 
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these specimens is mainly related to the ductility, which has quite close 
values for both of the welding technique. It is clearly seen that there is 
no significant difference between two specimens. 
3.4. Microstructure 
Oxy-acetylene welded specimen microstructure of the steel is shown in 
Fig. 4 and oxy-hydrogen welded specimen microstructure is shown in 
Fig. 5. It is clearly seen that there are five distinct regions, which are 
base metal, transition region, fine, coarse grain regions and fusion 
zones for both weldments. Base metal consists of white ferrite grains 
and relatively dark grey pearlite phases, which are located on the grain 
boundaries or adjacent to the grains. Most of grains are equiaxed and 
uniformly distributed. In the transition zone, specimen undergoes 
austenitic temperature and depending on the C and Mn content in this 
region resulted in the formation of upper bainite. In the fine grain re-
gion, sample obtains small amount of heat input, which is insufficient 
a b
Fig. 3. Macro picture of the tested specimens: oxy-acetylene weldment (a), 
oxy-hydrogen weldment (b). 
 
Fig. 4. Microstructure of oxy-acetylene welded specimen: base metal (a), tran-
sition zone (b), fine grain region (c), coarse grain region (d), fusion zone (e). 
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for the grain growth. Relatively small ferrite and pearlite phases are 
evident in this region. In the coarse grain region, specimen suffers ex-
tremely high temperature, which causes the grain growth, and coarse 
pearlite and ferrite phases are common in this particular region. In 
general, the main deleterious effect caused by welding of the steel is 
excessive grain growth and formation of cementite, martensite, and 
pearlite with a high level of hardness in the HAZ, which are associated 
with the presence of carbon and tensile residual stresses, which cause 
cold cracking [16]. In the fusion zone, material is melted and rapidly 
cooled where Widmanstätten and acicular ferrite occurred. Wid-
manstätten plates are originated from the grain boundaries through 
the centre of the grains, but acicular ferrite (needle-like structure) is 
squeezed in the middle of the grains. Both specimen microstructures 
are very similar, except for fusion zone, where more coarse grains can 
be seen for the oxy-hydrogen welded specimen. Besides, higher porosi-
ty can be seen in the oxy-hydrogen welded specimen in the HAZ region, 
where hydrogen diffusivity plays significant role. Uygur and Gulenc 
[14] stated that an increase in CO2 content causes slight decrease in 
ductility, but caused improvements in tensile and yield strength. 
These increases can be attributed to solid solution strengthening by the 
formation of martensite and bainite in ferrous alloys. 
4. CONCLUSIONS 
In this study, following conclusions can be reached. 
1. Oxy-acetylene welded specimens had significantly higher tensile re-
sponse compared with the counterpart. The welding type does not in-
fluence the ductility. 
2. The welding type significantly affects microhardness values of the 
particular regions. Hardness values are significantly higher in the 
oxy-acetylene welded specimen due to the carbon diffusion. 
 
Fig. 5. Microstructure of oxy-hydrogen welded specimen: base metal (a), tran-
sition zone (b), fine grain region (c), coarse grain region (d), fusion zone (e). 
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3. Microstructure consists of five distinct regions, which are base met-
al, transition region, fine-grained region, coarse-grained region, and 
fusion zone. 
4. Although the microstructures of both weldments are similar, there 
are slight changes in the fusion zone and HAZ depending on the hydro-
gen diffusivity. 
5. Although some differences are observed in the mechanical proper-
ties and in the microstructure of the weldments, the results prove that 
oxy-hydrogen welding could be used in various applications as an al-
ternative clean welding method compared with oxy-acetylene welding. 
 This study has been supported by Gazi University Scientific Re-
search Project Section. Authors would like to thank to Gazi University 
for this support. 
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